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(57) ABSTRACT

A sizing agent for reinforcement fibers which imparts good
bonding performance to a reinforcement fiber is used to rein-
force thermoplastic matrix resin, and provide a synthetic fiber
strand applied with the sizing agent and a fiber-reinforced
composite reinforced with the synthetic fiber strand. The
sizing agent essentially contains a neutralization product of a
modified polypropylene resin and an amine compound hav-
ing at least two hydroxyl groups or amino groups in the
molecule, and the nonvolatile component of the sizing agent
exhibits an endothermic heat of fusion not higher than 50 J/g
in determination with a differential scanning calorimeter
(DSO).

17 Claims, No Drawings
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SIZING AGENT FOR REINFORCEMENT
FIBERS, SYNTHETIC FIBER STRAND, AND
FIBER-REINFORCED COMPOSITE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. National stage application claims priority under
35 U.S.C. §119(a) to Japanese Patent Application No. 2010-
175831, filed in Japan on Aug. 5, 2010, the entire contents of
which are hereby incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a sizing agent for rein-
forcement fibers to be employed in reinforcement of thermo-
plastic matrix resin, and a synthetic fiber strand and fiber-
reinforced composite manufactured therewith. More
precisely, the present invention relates to a sizing agent for
reinforcement fibers which imparts good bonding perfor-
mance to a synthetic fiber strand with a thermoplastic matrix
resin, and a synthetic fiber strand and fiber-reinforced com-
posite manufactured therewith.

TECHNICAL BACKGROUND

Fiber-reinforced composites manufactured by reinforcing
plastic materials (called matrix resins) with various synthetic
fibers are used widely in automotive application, aviation and
space application, sporting and leisure goods application, and
general industrial use. Fibers employed for the composites
include inorganic fibers, such as carbon fiber, glass fiber and
ceramic fiber; and organic fibers, such as aramid fiber, polya-
mide fiber and polyethylene fiber. These synthetic fibers are
usually produced into filament, and later processed into vari-
ous forms of reinforcement textiles, including a sheeted inter-
mediate material called unidirectional prepreg which is
manufactured by applying hot melt resin to fabric and wind-
ing it onto a drum, textile material manufactured by filament
winding, woven fabric or chopped fiber.

Prospective fiber-reinforced composites are those manu-
factured of thermoplastic resins including polyolefin resins,
nylon resins, polycarbonate resins, polyacetal resins, ABS
resins, polyphenylene sulfide resins and polyetherimide res-
ins among the matrix resins mentioned above, which attract
the attention because of their good moldability and advantage
in recycling. Of these resins, polyolefin resins have better
moldability and chemical resistance and are more advanta-
geous in manufacturing cost than other resins. Thus fiber-
reinforced composites manufactured of the polyolefin matrix
resins attract much attention and are expected to be applicable
to various uses as a versatile material.

Reinforcement fibers are often used in a form of chopped
fiber cutinto 1to 15 mm long. The chopped fiber should have
sufficient cohesion when it is knead with a thermoplastic resin
to be manufactured into pellets, and chopped fiber having
insufficient cohesion cannot be fed constantly to pellet manu-
facturing. In addition, reinforcement fiber strands having
insufficient fiber cohesion sometimes break to deteriorate the
property of resultant fiber-reinforced composite. For prevent-
ing such troubles, number of techniques for imparting opti-
mum cohesion to reinforcement fiber by applying sizing
agents containing modified polyolefin resins as a base com-
ponent have been proposed (see JP A 2006-233346 and JPA
6-107442) and widely employed in industrial fields.

On the other hand, reinforcement fibers are increasingly
processed into a form called long-fiber pellet or into unidi-
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rectional sheet, tape or fabric to be impregnated with thermo-
plastic resins and molded in subsequent processes like as
composite materials of thermosetting resins, in order to effec-
tively achieve the properties of reinforcement fibers including
tensile strength. In such cases, hot-melt thermoplastic resins
should quickly penetrate into fiber strands, specifically, fill
space between single fibers in molding fiber-reinforced com-
posites in order to shorten the molding time and improve the
physical properties of resultant composites.

However, sizing agents disclosed in the prior art have fur-
ther exhibited deteriorated poor wetting and bonding charac-
teristics between sized fiber and matrix resin in molding
process to further deteriorate mechanical properties of result-
ant composites in some cases where polyolefin resins inher-
ently having poor wetting propensity are employed as a
matrix resin.

Under such situation, a sizing agent which improves the
affinity between sized fiber and matrix resin to firmly bond
the fiber and resin has been demanded in the field of fiber-
reinforced composites containing thermoplastic matrix res-
ins, especially polyolefin matrix resins.

DISCLOSURE OF INVENTION
Technical Problem

With the view of the conventional technical background,
the present invention aims to provide a sizing agent which
imparts excellent bonding performance to reinforcement
fibers used to reinforce thermoplastic matrix resins, espe-
cially polyolefin matrix resins, and synthetic fiber strands and
fiber-reinforced composites manufactured therewith.

Technical Solution

The inventors of the present invention diligently studied to
solve the problem mentioned above, and found that the endot-
hermic heat of fusion of the nonvolatile component and neu-
tralizer of a sizing agent, which contains a modified polypro-
pylene resin, one of modified polyolefin resins, is the most
influential on the bonding between sized synthetic fiber
strands and thermoplastic matrix resins.

More precisely, the inventors found that 1) a sizing agent
which contains a neutralization product of a modified
polypropylene resin and a specific amine compound having at
least two hydroxyl groups or amino groups in the molecule,
and contains nonvolatile component exhibiting an endother-
mic heat of fusion not greater than a specific value achieves
greatly improved bonding between sized fiber strands and
thermoplastic matrix resins, and thus achieved the present
invention.

The inventors further found that 2) modified polyolefin
resins other than the modified polypropylene resin did not
show improved bonding between sized fiber strands and
matrix resins with any neutralizers, 3) modified polypropy-
lene resins did not show improved bonding between sized
fiber strands and matrix resins if an alkali metal salt or amine
compound other than the specific amine compounds men-
tioned above is employed as the neutralizer, and 4) even a
sizing agent containing a neutralization product of a modified
polypropylene resin and the specific amine compound men-
tioned above did not show improved bonding between sized
fiber strands and matrix resins if the nonvolatile component of
the sizing agent exhibits endothermic heat of fusion greater
than a specified value; and achieve the present invention.

Specifically, the sizing agent for reinforcement fibers of the
present invention is applied to fibers used to reinforce ther-
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moplastic matrix resins, and essentially contains a neutraliza-
tion product of a modified polypropylene resin and an amine
compound having at least two hydroxyl groups or at least two
amino groups in the molecule. The nonvolatile component of
the sizing agent exhibits an endothermic heat of fusion not
higher than 50 J/g in determination with a differential scan-
ning calorimeter (DSC).

The sizing agent for reinforcement fibers of the present
invention has been formulated by blending the modified
polypropylene resin in an amount ranging from 10 to 90
weight percent to the whole amount of the nonvolatile com-
ponent of the sizing agent and the amine compound in an
amount ranging from 1 to 20 weight percent to the whole
amount of the nonvolatile component of the sizing agent.

The amine compound preferably has a boiling point within
the range from 240 to 340 deg. C. and should preferably be a
compound represented by the following chemical formula (1)
and/or (2):

RIN(CH,CH,OH), 1)

where R! is a hydrogen atom, —CH,CH,OH, C,-C,, ali-
phatic hydrocarbon group or a residue of a C,-C, 4 fatty acid
having lost a hydroxyl group;

NH,R?NH(CH,CH,OH) )

where R? is a C,-C,, aliphatic hydrocarbon group.

The modified polypropylene resin contained in the sizing
agent for reinforcement fibers of the present invention should
preferably exhibit an endothermic heat of fusion not higher
than 70 J/g in determination with a differential scanning
calorimeter (DSC). In addition, the modified polypropylene
resin should preferably have an acid value ranging from 20 to
80 KOHmg/g.

Furthermore, the sizing agent for reinforcement fibers of
the present invention should preferably contain at least one
polymer component (A) selected from the group consisting of
aromatic polyester resins and aromatic polyester polyure-
thane resins, in an amount ranging from 5 to 80 weight per-
cent to the whole amount of the nonvolatile component of the
sizing agent.

The thermoplastic matrix resin mentioned above should
preferably be a polyolefin resin.

Further, the sizing agent for reinforcement fibers of the
present invention should preferably contain water in which
the neutralization product mentioned above is dispersed or
dissolved.

The synthetic fiber strand of the present invention is manu-
factured by applying the sizing agent for reinforcement fibers
to a base synthetic fiber strand.

The base synthetic fiber strand should preferably be manu-
factured of at least one fiber selected from the group consist-
ing of carbon fiber, aramid fiber, polyethylene fiber, polyeth-
ylene terephthalate fiber, polybutylene terephthalate fiber,
polyethylene naphthalate fiber, polyarylate fiber, polyacetal
fiber, PBO fiber, polyphenylene sulfide fiber and polyketone
fiber.

The fiber-reinforced composite of the present invention
contains a thermoplastic matrix resin and the synthetic fiber
strand mentioned above.

Advantageous Effects

The sizing agent for reinforcement fibers of the present
invention can attain an excellent bonding between a rein-
forcement fiber and a thermoplastic matrix resin, especially a
polyolefin resin.

The synthetic fiber strand manufactured by applying the
sizing agent for reinforcement fibers of the present invention
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to a base synthetic fiber strand has an excellent performance
to bond with a thermoplastic matrix resin. The synthetic fiber
strand of the present invention can be processed into fiber-
reinforced composites having excellent properties.

BEST MODE FOR CARRYING OUT THE
INVENTION

The present invention provides a sizing agent for reinforce-
ment fibers used to reinforce thermoplastic matrix resins. The
sizing agent essentially contains a neutralization product of a
modified polypropylene resin and a specific amine com-
pound, and the nonvolatile component of the sizing agent
exhibits endothermic heat of fusion not higher than 50 J/g in
determination with a differential scanning calorimeter
(DSC). The present invention is described below in detail.
[Modified Polypropylene Resin|

The modified polypropylene resin employed in the present
invention is a copolymer substantially containing propylene
and an unsaturated carboxylic acid, and can be produced in a
known method. The modified polypropylene resin can be a
random copolymer of propylene and an unsaturated carboxy-
lic acid, or a graft copolymer of polypropylene and an unsat-
urated carboxylic acid. The modified polypropylene resin
employed in the present invention can contain one or plurality
of such copolymers. The modified polypropylene resin
employed in the present invention has an acidic group such as
carboxyl group which has been introduced in copolymeriza-
tion and has not been neutralized with basic compounds.

The unsaturated carboxylic acids include, for example,
acrylic acid, methacrylic acid, crotonic acid, isocrotonic acid,
maleic acid, maleic acid anhydride, fumaric acid, itaconic
acid, citraconic acid, mesaconic acid, itaconic acid anhy-
dride, citraconic acid anhydride and methyl methacrylate.
One of or a combination of at least two of these carboxylic
acids can be employed.

The mole percentages of propylene and an unsaturated
carboxylic acid in the total monomers to be copolymerized
into the modified polypropylene resin should respectively
range from 80 to 99.9 mole percent for propylene and from
0.1 to 20 mole percent for the carboxylic acid, preferably
from 90t0 99.7 mole percent and from 0.3 to 10 mole percent,
and more preferably from 95 to 99.4 mole percent and from
0.6 to 5 mole percent. A modified polypropylene resin con-
taining less than 80 mole percent of propylene can be formu-
lated into a sizing agent having poor compatibility with
matrix resin. On the other hand, a modified polypropylene
resin containing more than 99.9 mole percent propylene can
be formulated into a sizing agent which hinders bonding
between sized fiber strand and matrix resin or has poor dis-
persibility in water to hinder uniform size application to fiber
strand.

The sum of the propylene and unsaturated carboxylic acid
in 100 mole percent of the total monomers to be copolymer-
ized should be at least 90 mole percent, preferably at least 95
mole percent, more preferably at least 98 mole percent, and
further more preferably 100 mole percent. If the sum of the
propylene and unsaturated carboxylic acid is less than 90
mole percent, the resultant sizing agent hinders bonding
between a reinforcement fiber and a matrix resin.

The modified polypropylene resin employed in the present
invention contains no olefin monomers except propylene, or
contains less than 10 mole percent of olefin monomers other
than propylene in the total of monomers to be copolymerized.
The mole percentage of the olefin monomers other than pro-
pylene should preferably be less than 5 mole percent, more
preferably less than 2 mole percent, and further more prefer-
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ably 0 mole percent. If the mole percentage of the olefin
monomers other than propylene is 10 mole percent or higher,
the resultant sizing agent hinders bonding between sized fiber
and matrix resin. The olefin monomers other than propylene
include ethylene, 1-butene, 2-methyl-1-butene, 3-methyl-1-
butene, isobutene, 1-pentene, 4-methyl-1-pentene, 1-hexene,
1-decene and 1-dodecene.

The modified polypropylene resin employed in the present
invention exhibits endothermic heat of fusion due to crystal-
line melting indicated by the endothermic peak of the resin
determined with a differential scanning calorimeter (DSC). In
the present invention, the endothermic heat of fusion due to
crystalline melting indicated by an endothermic peak is
defined to be the value (in the unit of J/g) calculated from the
value of integral of the area surrounded by an endothermic
peak appearing on a DSC curve and a line between the points
at which the peak starts from and returns to the base line,
where the endothermic peak curve is determined in the
method with a DSC according to JIS K7121 and JIS K7122
mentioned later.

The endothermic heat of fusion of the modified polypro-
pylene resin employed in the present invention determined
with a DSC should preferably be not higher than 70 J/g, more
preferably range from 1 to 68 J/g, further more preferably
from 5 to 65 J/g, and most preferably from 10 to 60 J/g. A
modified polypropylene resin exhibiting an endothermic heat
of fusion greater than 70 J/g has excessive crystalline region
in the polymer structure and can be formulated into a sizing
agent which does not contribute to the bonding between sized
fiber and matrix resin.

The acid value of the modified polypropylene resin
employed in the present invention should preferably range
from 20 to 80 KOHmg/g, more preferably from 30 to 70
KOHmg/g, and further more preferably from 40 to 60
KOHmg/g. A modified polypropylene resin having an acid
value less than 20 KOHmg/g can have poor dispersibility in
water. On the other hand, a modified polypropylene resin
having an acid value greater than 80 KOHmg/g contains
insufficient amount of polypropylene to form the major poly-
mer structure and the resultant sizing agent has poor compat-
ibility with a matrix resin.

The weight-average molecular weight of the modified
polypropylene resin should preferably range from 3,000 to
150,000, more preferably from 8,000 to 100,000, and further
more preferably from 20,000 to 60,000. A modified polypro-
pylene resin having a weight-average molecular weight less
than 3,000 can have poor heat resistance while a modified
polypropylene resin having a weight-average molecular
weight greater than 150,000 has poor dispersibility in water.
[Amine Compound]

The amine compound employed in the present invention
has at least two hydroxyl groups or amino groups in the
molecule, and is used to neutralize the modifier groups such
as carboxyl groups introduced in the copolymerization of the
modified polypropylene resin employed in the present inven-
tion. The sizing agent which essentially contains the neutral-
ization product produced by neutralizing the modified
polypropylene resin with the amine compound employed in
the present invention can attain excellent bonding between
sized fiber strand and matrix resin, because the neutralization
effectively decreases the endothermic heat of fusion of the
modified polypropylene resin due to crystalline melting. In
addition, the neutralization product contributes to high drying
efficiency of the sizing agent to shorten the drying time of the
sizing agent so as to increase the processing speed. Further
the shortened drying time prevents the thermal degradation of
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the sizing agent on fiber and contributes to excellent bonding
between sized fiber and matrix resin.

On the other hand, a modified polypropylene resin neutral-
ized with an amine compound other than the amine com-
pound employed in the present invention fails to attain high
bonding strength between sized fiber and matrix resin,
because the amine compound neutralizing the modified
polypropylene resin evaporates with heat in kneading sized
reinforcement fiber and matrix resin and the synergy of the
modified polypropylene resin and the amine compound is
lost. In addition, a modified polypropylene resin neutralized
with an alkaline metal, such as sodium hydroxide or potas-
sium hydroxide, leads to poor drying efficiency of the result-
ant sizing agent and the sizing agent degrades with heat in
manufacturing processes to cause poor bonding between a
sized reinforcement fiber and a matrix resin.

Amine compounds having at least two hydroxyl groups in
the molecule include diethanolamine, triethanolamine, triiso-
propanolamine, t-butyldiethanolamine, n-butyldiethanola-
mine, N-methyldiethanolamine, N-ethyldiethanolamine, and
fatty acid alkanolamide.

Amine compounds having at least two amino groups in the
molecule include N-aminoethylethanolamine, N-aminoeth-
ylisopropanolamine, dimethylaminopropylamine, diethyl-
ethylenediamine, ethylenediamine, diethylenetriamine, tri-
ethylenetetramine, tetraethylenepentamine, and
pentaethylenehexamine.

The amine compound employed in the present invention
should have a boiling point preferably ranging from 240 to
340 deg. C., more preferably from 250 to 330 deg. C., and
further more preferably from 260 to 320 deg. C. An amine
compound having such boiling point does not evaporate with
heat in kneading a matrix resin and a reinforcement fiber and
the amine compound successfully contributes to decreased
endothermic heat of fusion of the modified polypropylene
resin due to melting of the crystalline region. In other words,
the amine compound contributes to decreased crystalline
region of the modified polypropyleneresin in a sizing agent to
improve bonding between sized fiber and matrix resin.

Of those amine compound, amine compounds represented
by the chemical formula (1) and/or the chemical formula (2)
are preferable for their contribution to improved bonding
between sized fiber and matrix resin, and those represented by
the chemical formula (1) are more preferable.

In the chemical formula (1), R' is a hydrogen atom,
—CH,CH,O0H, C,-C, , aliphatic hydrocarbon group or a resi-
due of a C,-C,, fatty acid having lost hydroxyl group. Of
those groups, a C,-Cjy aliphatic hydrocarbon group or a resi-
due of a C;-C,, fatty acid having lost hydroxyl group is
preferable for R', and a C,-C aliphatic hydrocarbon group or
aresidue of'a C4-C 5 fatty acid having lost hydroxyl group is
more preferable for R*.

The C,-C, , aliphatic hydrocarbon group can be either satu-
rated or unsaturated, and can be either linear or branched. The
carbon number of the aliphatic hydrocarbon group should
preferably range from 1 to 10, more preferably from 1 to 8 and
further more preferably from 1 to 5 for improving the bonding
between sized fiber and matrix resin and stabilizing the emul-
sion of the resultant sizing agent. The carbon number of the
fatty acid of the residue of a C,-C, fatty acid having lost
hydroxyl group should preferably range from 5 to 18 and
more preferably from 8 to 15.

In the chemical formula (2), R? is a C,-C,, aliphatic hydro-
carbon group. The C,-C, aliphatic hydrocarbon group can be
either saturated or unsaturated, and can be either linear or
branched. The carbon number of the aliphatic hydrocarbon
group should preferably range from 1 to 3, and more prefer-
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ably from 1 to 2 for improving the bonding between sized
fiber and matrix resin and stabilizing the emulsion of resultant
sizing agent.

[Polymer Component (A)]

The sizing agent for reinforcement fibers of the present
invention should preferably contain at least one polymer
component (A) selected from the group consisting of aro-
matic polyester resins and aromatic polyester polyurethane
resins for improving the film-forming performance of the
resultant sizing agents and the cohesion of reinforcement
fibers.

In a determination with a differential scanning calorimeter
(DSC), the polymer component (A) should exhibit a glass
transition temperature of at least 20 deg. C. and no endother-
mic peak indicating a heat of fusion 3 J/g or higher, which is
caused from crystalline melting.

The glass transition temperature (deg. C.) of the polymer
component (A) mentioned in the present invention is indi-
cated at the intersection of the line drawn on the equidistant
points between two lines each extended from the upper and
lower base lines and the slope connecting the upper and lower
base lines, where the base lines and the slope appear on the
DSC curve of the polymer component (A) determined with a
DSC according to JIS K 7121 as described below. The endot-
hermic heat of fusion of the polymer component (A) is the
same as that defined for the modified polypropylene resin.

The glass transition temperature of the polymer component
(A) should be at least 20 deg. C. in order to control the
mobility of the polymer molecules and form strong interfacial
layer between a sized fiber and matrix resin to improve bond-
ing strength between the fiber and matrix resin. The glass
transition temperature of the polymer component (A) should
preferably range from 25 to 200 deg. C. and more preferably
from 30 to 150 deg. C.

Further, the polymer component (A) employed in the
present invention should not exhibit an endothermic peak
indicating 3 J/g or higher endothermic heat of fusion due to
crystalline melting. In other words, the polymer component
(A) employed in the present invention should not exhibit an
endothermic peak due to crystalline melting, or should
exhibit an endothermic peak indicating an endothermic heat
of fusion less than 3 J/g. The reason of the value of the
endothermic heat of fusion can be estimated as follows,
though it has not been clarified.

In the crystalline region of a typical crystalline polymer
where polymer chains are regularly arranged, the intermo-
lecular force decreases with increasing polymer temperature
and the state of the polymer rapidly changes from solid to
liquid. The change in physical state of the polymer can be
detected in a determination with DSC as a significant endot-
hermic peak with an endothermic energy of 3 J/g or higher.
Such rapid change in the physical state of the crystalline
polymer can sometimes facilitate the dissolution and diffu-
sion of a sizing agent into hot melt matrix resin, in the case
that the polymer is formulated into a sizing agent for a rein-
forcement fiber to be molded into a fiber-reinforced compos-
ite, and can result in no contribution by the sizing agent to the
bonding between a reinforcement fiber and a matrix resin.

On the contrary, the polymer component (A) employed in
the present invention changes slower from solid to liquid
under heating than the typical crystalline polymers men-
tioned above. Thus it is estimated that a sizing agent contain-
ing the polymer component (A) remains enough on fiber
surface during composite molding and improves the bonding
between a sized fiber and matrix resin.

The polymer component (A) employed in the present
invention should preferably exhibit no endothermic peak
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indicating 2 J/g or higher endothermic heat of fusion due to
crystalline melting (exhibit no endothermic peaks due to
crystalline melting or exhibit an endothermic peak indicating
less than 2 J/g of endothermic heat of fusion due to crystalline
melting), more preferably exhibit no endothermic peaks indi-
cating 1 J/g or higher endothermic heat of fusion due to
crystalline melting (exhibit no endothermic peaks due to
crystalline melting or exhibit an endothermic peak indicating
less than 1 J/g of endothermic heat of fusion due to crystalline
melting), and further more preferably exhibit no endothermic
peaks.

The temperature range where the polymer component (A)
exhibits no endothermic peaks indicating 3 J/g or higher
endothermic heat of fusion due to crystalline melting should
be 300 deg. C. from the end point of the glass transition of the
polymer component (A).

Further the polymer component (A) employed in the
present invention should exhibit no exothermic peaks due to
polymer crystallization in determination with a DSC as well
as it should exhibit no endothermic peaks caused from crys-
talline melting.

The polymer component (A) employed in the present
invention can be produced by selecting monomers and con-
trolling their ratio in the production of the resins. One of or at
least two of the polymer component (A) employed in the
present invention can be used.

[Aromatic Polyester Resin]

The aromatic polyester resin is a copolymer of a polycar-
boxylic acid or its anhydride and a polyol, and at least one of
the polycarboxylic acid, its anhydride and a polyol is a poly-
mer containing an aromatic compound. The aromatic poly-
ester resin should preferably have a hydrophilic group in the
molecular framework including the chain end in order to be
self-emulsifiable, because a sizing agent of the present inven-
tion containing such resin can be made into aqueous emulsion
without emulsifiers such as surfactants. The hydrophilic
groups include, for example, polyalkylene oxide groups, sul-
fonate salts, carboxyl groups and their neutralization salts.
The copolymer can be produced in known methods.

The polycarboxylic acids include aromatic dicarboxylic
acid, sulfonate salt-containing aromatic dicarboxylic acid,
aliphatic dicarboxylic acid, alicyclic dicarboxylic acid and
polycarboxylic acid having at least three functional groups.

The aromatic dicarboxylic acids include phthalic acid,
terephthalic acid, isophthalic acid, orthophthalic acid, 1,5-
naphthalene dicarboxylic acid, 2,6-naphthalene dicarboxylic
acid, diphenyl dicarboxylic acid, diphenoxyethane dicar-
boxylic acid and phthalic anhydride.

The sulfonate salt-containing aromatic dicarboxylic acids
include sulfoterephthalate salt and 5-sulfoisophthalate salt.

The aliphatic dicarboxylic acids or alicyclic dicarboxylic
acids include fumaric acid, maleic acid, itaconic acid, suc-
cinic acid, adipic acid, azelaic acid, sebacic acid, dimer acid,
1,4-cyclohexane dicarboxylic acid, succinic acid anhydride
and maleic acid anhydride.

The polycarboxylic acids having at least three functional
groups include trimellitic acid, pyromellitic acid, trimellitic
acid anhydride and pyromellitic acid anhydride.

The polyols include diols and polyols having at least three
functional groups.

The diols include ethylene glycol, diethylene glycol, poly-
ethylene glycol, propylene glycol, polypropylene glycol,
polybutylene glycol, 1,3-propane diol, 1,4-butane diol, 1,6-
hexane diol, neopentyl glycol, tetramethylene glycol, 1,4-
cyclohexane diol, 1,4-cyclohexane dimethanol, resorcin,
hydroquinone, bisphenol A and their alkylene oxide adducts.
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The polyols having at least three functional groups include
trimethylol propane, glycerin and pentaerythritol.

For producing the aromatic polyester resins, at least one of
the polycarboxylic acid, its anhydride (which can be some-
times referred to as all of the polycarboxylic acid compo-
nents) and the polyol should preferably contain an aromatic
compound. Further, an aromatic dicarboxylic acid should
preferably constitute 40 to 99 mole percent, and more pref-
erably 80 to 99 mole percent of all of the polycarboxylic acid
components. For making stable aqueous emulsion of the
polyester copolymer resin, a sulfonate salt-containing aro-
matic dicarboxylic acid should preferably constitute 1 to 10
mole percent of all of the polycarboxylic acid components. Of
those polycarboxylic acids exemplified above, phthalic acid,
terephthalic acid, isophthalic acid, orthophthalic acid, 1,5-
naphthalene dicarboxylic acid, 2,6-naphthalene dicarboxylic
acid, diphenyl dicarboxylic acid, diphenoxyethane dicar-
boxylic acid, phthalic anhydride, sulfoterephthalate salt, and
S-sulfoisophthalate salt are preferable. Of those polyols
exemplified above, ethylene glycol, diethylene glycol, poly-
ethylene glycol, propylene glycol, tetramethylene glycol and
neopentyl glycol are preferable.

The weight-average molecular weight of the polyester
copolymer resin should preferably range from 3,000 to 100,
000, and more preferably from 10,000 to 30,000. A polyester
copolymer resin having a weight-average molecular weight
less than 3,000 has poor heat resistance while a polyester
copolymer resin having a weight-average molecular weight
greater than 100,000 is made into unstable aqueous emulsion.
[Aromatic Polyester Polyurethane Resin]|

The aromatic polyester polyurethane resin is produced in
polyaddition reaction with an aromatic polyester polyol and
polyisocyanate. The aromatic polyester polyurethane resin
should preferably have a hydrophilic group in the molecular
framework including the chain end in order to be self-emul-
sifiable, because a sizing agent of the present invention con-
taining such resin can be made into aqueous emulsion without
emulsifiers such as surfactants. The hydrophilic groups
include, for example, polyalkylene oxide groups, sulfonate
salts, carboxyl groups and their neutralization salts. The poly-
mer can be produced in known methods.

The aromatic polyester polyol is a copolymer of a polycar-
boxylic acid or its anhydride and a polyol, and at least one of
the polycarboxylic acid, its anhydride and a polyol has an
aromatic compound. The polycarboxylic acid, its anhydride
and a polyol include the compounds mentioned in the
description of the aromatic polyester resin.

The polyisocyanate includes 2,4-tolylene diisocyanate,
2,6-tolylene diisocyanate, tetramethylene diisocyanate, hex-
amethylene diisocyanate, xylylene diisocyanate, isophorone
diisocyanate and 1,5-naphthalene diisocyanate.

For producing the aromatic polyester polyurethane resin, at
least one of the polycarboxylic acid, its anhydride and the
polyol should preferably contain an aromatic compound. Fur-
ther, an aromatic dicarboxylic acid should preferably consti-
tute 40 to 100 mole percent, and more preferably 80 to 100
mole percent of the polycarboxylic acid or its anhydride.
Preferable polycarboxylic acid and polyol are those men-
tioned in the description of the aromatic polyester resin. The
preferable polyisocyanate includes 2,4-tolylene diisocyan-
ate, 2,6-tolylene diisocyanate, xylylene diisocyanate, iso-
phorone diisocyanate, and 1,5-naphthalene diisocyanate.

The weight-average molecular weight of the aromatic
polyester polyurethane resin should preferably range from
3,000to 100,000, and more preferably from 10,000 to 50,000.
An aromatic polyester polyurethane resin having a weight-
average molecular weight less than 3,000 has poor heat resis-
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tance while an aromatic polyester polyurethane resin having
a weight-average molecular weight greater than 100,000 is
made into unstable aqueous emulsion.

[Sizing Agent]

The sizing agent of the present invention is applied to
reinforcement fiber used to reinforce thermoplastic matrix
resins, and essentially contains a neutralization product of the
modified polypropylene resin and the amine compound men-
tioned above. The method for producing the neutralization
product is not specifically restricted and known methods can
be employed. Those methods include, for example, a method
in which the modified polypropylene resin and amine com-
pound mentioned above are added to warm water with agita-
tion to be dispersed, emulsified or dissolved, and a method in
which the components are mixed, heated to a temperature
above their softening points, agitated in a homogenizer, mixer
or ball mill with mechanical sear and emulsified through
phase conversion with water gradually added.

The sizing agent for reinforcement fibers of the present
invention containing the neutralization product mentioned
above should preferably be formulated by blending 10 to 90
weight percent of the modified polypropylene resin and 1 to
20 weight percent of the amine compound in the whole of the
nonvolatile component of the sizing agent.

The ratio of the modified polypropylene resin should pref-
erably range from 30 to 85 weight percent, and more prefer-
ably from 50 to 80 weight percent. A ratio of the modified
polypropylene resin lower than 10 weight percent leads to
insufficient amount of the modified polypropylene resin on
reinforcement fiber and can fail to improve the bonding
between sized fiber and matrix resin. A ratio of the modified
polypropylene resin higher than 90 weight percent can
decrease the cohesion of sized fiber.

The ratio of the amine compound should preferably range
from 3 to 15 weight percent, and more preferably from 5 to 12
weight percent. A ratio of the amine compound lower than 1
weight percent is not effective enough to decrease the crys-
talline region of the modified polypropylene resin and the
resultant sizing agent can fail to improve the bonding between
sized reinforcement fiber and matrix resin. A ratio of the
amine compound higher than 20 weight percent can make the
sizing agent difficult to be dispersed in water.

The nonvolatile component of the sizing agent for rein-
forcement fibers of the present invention should exhibit an
endothermic heat of fusion of 50 J/g or lower in determination
with a DSC, and the endothermic heat of fusion should pref-
erably range from 1 to 48 J/g, more preferably from 5 to 45
J/g, and further more preferably from 10 to 40 J/g. An endot-
hermic heat of fusion of the nonvolatile component higher
than 50 J/g implies that the neutralization product of the
modified polypropylene resin and the amine compound con-
tains excessive crystalline region in the molecular structure,
and a sizing agent containing such neutralization product
does not contribute to the bonding between sized fiber and
matrix resin. The nonvolatile component of a sizing agent
mentioned in the present invention is defined to be the abso-
lute dry component remaining after heating the sizing agent at
105 deg. C. to a constant weight to remove solvents and
volatiles. The endothermic heat of fusion is the same as that
defined in the description of the modified polypropylene
resin.

The sizing agent of the present invention exhibits good
drying efficiency in evaporating water in a drying process
after it is applied onto fiber. The good drying efficiency con-
tributes to shortened drying time and increased processing
speed. In addition, the good drying efficiency prevents the
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sizing agent from thermal degradation which hinders the
bonding between sized fiber and matrix resin.

A sizing agent containing 5.0 weight percent of nonvolatile
component should preferably result in at least 75 weight
percent of volatiles, more preferably at least 78 weight per-
cent and further more preferably at least 80 weight percent, in
determination with an infrared moisture meter where 2.0 g of
the sizing agent is heated for 10 minutes.

Further the sizing agent of the present invention should
preferably contain the polymer component (A) in an amount
ranging from 5 to 80 weight percent of the nonvolatile com-
ponent of the sizing agent, more preferably from 10 to 75
weight percent, further preferably from 20 to 70 weight per-
cent, and further more preferably from 30 to 60 weight per-
cent. A sizing agent containing the polymer component (A) in
an amount mentioned above forms a good film of the non-
volatile component on fiber to attain excellent bonding
between sized fiber and matrix resin and forms durable inter-
facial layer which firmly bonds sized fiber and matrix resin.

The sizing agent of the present invention can be applied to
fiber from dispersion or solution in organic solvents, such as
acetone or methylethyl ketone. However, the sizing agent
should preferably contain water, in other words, it should
preferably be made into an aqueous dispersion or aqueous
solution in which the neutralization product and polymer
component (A) are dispersed or dissolved, for the safety of
workers using the sizing agent, prevention of disaster includ-
ing fires, and prevention of the pollution in natural environ-
ment.

The method for making aqueous dispersion or solution of
the sizing agent of the present invention is not specifically
restricted, and known methods can be employed. Those meth-
ods include, for example, a method in which the components
constituting the sizing agent are added to warm water with
agitation to be dispersed, emulsified or dissolved, and a
method in which the components are mixed, heated to a
temperature above their softening points, agitated in a
homogenizer, mixer or ball mill with mechanical sear and
emulsified through phase conversion with water gradually
added.

The aqueous dispersion or solution mentioned above can
contain a solvent other than water, such as an organic solvent,
in an amount which will not adversely affect the advantage of
the aqueous dispersion or solution, for the convenience in
handling the dispersion or solution in manufacturing process
and for improving the stability of the dispersion or solution
during storage.

The organic solvent include alcohols such as methyl alco-
hol, ethyl alcohol and isopropyl alcohol; glycols and glycol
ethers such as ethylene glycol, propylene glycol, ethylene
glycol monoisopropyl ether and ethylene glycol monobutyl
ether; and ketones such as acetone and methylethyl ketone.
The amount of the organic solvent, which depends on the
variant of the solvent, should preferably be not greater than
100% and more preferably not greater than 50% of the
amount of the nonvolatile component of the sizing agent in
order not to adversely affect the advantage of the aqueous
dispersion or solution.

The concentration of the nonvolatile component of the
sizing agent of the present invention produced in a form of an
aqueous dispersion or solution is not specifically restricted,
and determined according to the ingredients of the nonvola-
tile component in order to make stable aqueous dispersion
having a viscosity convenient for use. The concentration of
the nonvolatile component should preferably be at least 10
weight percent, more preferably range from 20 to 60 weight
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percent, and further more preferably from 30 to 50 weight
percent, considering the transportation cost of the sizing
agent.

The components constituting the sizing agent of the
present invention, other than those described above, include
for example, surfactants, lubricants, antioxidants, flame
retarders, antiseptics, crystal-nucleation agents and antifoam
agents. One of or a combination of at least two of those
components can be employed.

Of those components, surfactants function as emulsifiers
for water-insoluble or poorly water-soluble resins contained
in the sizing agent of the present invention, and efficiently
emulsify the resins in water. The ratio by weight of the sur-
factants should preferably range from 5 to 40 weight percent,
more preferably from 10 to 30 weight percent, and further
more preferably from 15 to 25 weight percent in the whole of
the nonvolatile component of a sizing agent.

The surfactants are not specifically restricted and can be
selected from known surfactants including nonionic surfac-
tants, anionic surfactants, cationic surfactants and amphoteric
surfactants. One of or combination of at least two of the
surfactants can be employed.

The nonionic surfactants include, for example, nonionic
surfactants of alkylene oxide adducts produced by adding
alkylene oxide (which can be a combination of at least two
alkylene oxides) such as ethylene oxide or propylene oxide to
higher alcohols, higher fatty acids, alkyl phenols, styrenated
phenols, benzyl phenol, sorbitan, sorbitan ester, castor oil and
hydrogenated castor oil; adducts produced by adding higher
fatty acids to polyalkylene glycols; and ethylene oxide-pro-
pylene oxide copolymers.

The anionic surfactants include, for example, carboxylic
acids, carboxylate salts, sulfate salts of higher alcohols and
higher alcohol ethers, sulfonate salts, and phosphate salts of
higher alcohols and higher alcohol ethers.

The cationic surfactants include, for example, cationic sur-
factants of quaternary ammonium salts (lauryl trimethyl
ammonium chloride, oleyl methylethyl ammonium ethosul-
fate, etc.), and cationic surfactants of amine salts (polyoxy-
ethylene laurylamine lactate salt, etc.).

The amphoteric surfactants include, for example, amino
acid type amphoteric surfactants (sodium laurylamino propi-
onate, etc.) and betaine type amphoteric surfactants (stearyl
dimethyl betaine, lauryl dihydroxyethyl betaine, etc.).

In addition, the sizing agent for reinforcement fibers of the
present invention should not substantially contain modified
polyolefin resins (hereinafter referred to as the modified poly-
olefin resin (B)) other than the modified polypropylene resin
mentioned above, because the modified polyolefin resin (B)
adversely affects the compatibility of the sizing agent to
matrix resin to deteriorate the bonding between sized fiber
and matrix resin. Specifically, the ratio of the modified poly-
olefin resin (B) in the nonvolatile component of the sizing
agent should preferably be not higher than 10 weight percent,
more preferably not higher than 5 weight percent, further
preferably not higher than 2 weight percent, and further more
preferably 0 weight percent.

The modified polyolefin resin (B) (modified polyolefin
resin other than the modified polypropylene resin mentioned
above) is a copolymer containing olefin monomers and unsat-
urated carboxylic acids. The modified polyolefin resin (B)
contains no propylene or some amount of propylene which
constitutes, in combination with unsaturated fatty acids, less
than 90 mole percent of the total monomers reacted into the
copolymer. In other words, the modified polyolefin resin (B)
is a copolymer containing olefin monomers and unsaturated
carboxylic acids and contains olefin monomers other than
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propylene in an amount higher than 10 mole percent of the
total monomers reacted into the copolymer. The olefin mono-
mers other than propylene and unsaturated fatty acids are
those mentioned in the description for the modified polypro-
pylene resin mentioned above. The modified polyolefin resin
(B) includes neutralization products which have been neu-
tralized with the amine compound mentioned above, other
amine compounds, sodium hydroxide and basic compounds
such as sodium hydroxide.

[Synthetic Fiber Strand)]

The synthetic fiber strand of the present invention is manu-
factured by applying the sizing agent for reinforcement fibers
to a base synthetic fiber strand and used to reinforce thermo-
plastic matrix resin.

The manufacturing method of the synthetic fiber strand of
the present invention contains a sizing process where the
sizing agent is applied to a base synthetic fiber strand and the
sized fiber strand is dried.

The method for applying the sizing agent to a base syn-
thetic fiber strand is not specifically restricted, and the sizing
agent can be applied to a base synthetic fiber strand in known
methods including kiss roll method, dipping with rollers, and
spraying. Of those methods, dipping with rollers is preferable
because of uniform size application on the base synthetic
fiber strand.

The drying method for the sized fiber strand is not specifi-
cally restricted, and the sized fiber strand can be heated and
dried with heater rollers, hot airs, or hot plates.

For applying the sizing agent of the present invention to a
base synthetic fiber strand, all of the components of the sizing
agent can be blended before applying to the base synthetic
fiber strand, or the components can be separately applied to
the base synthetic fiber strand at two or more steps. Further-
more, thermosetting resins such as epoxy resins, vinyl ester
resins and phenol resins; and/or thermoplastic resins other
than the polymer components employed in the present inven-
tion such as urethane resins, polyester resins, nylon resins and
acrylateresins can be applied to the base synthetic fiber strand
in an amount which does not deteriorate the effect of the
present invention.

The synthetic fiber strand of the present invention is used as
a reinforcement fiber for composites containing thermoplas-
tic resins as the matrix. The form of the reinforcement fiber
can be continuous filament or short fiber cut into a desirable
length.

The amount of the nonvolatile component of the sizing
agent applied to a base synthetic fiber strand can be selected
according to each requirement to impart desirable perfor-
mance of the sized synthetic fiber strand. The preferable
amount should range from 0.1 to 20 weight percent of the
base synthetic fiber strand. For applying the sizing agent to
continuous synthetic fiber strand, the amount of the nonvola-
tile component of the sizing agent should preferably range
from 0.1 to 10 weight percent, and more preferably from 0.5
to 5 weight percent of the base synthetic fiber strand. For
applying the sizing agent to short fiber cut into a desirable
length, the amount of the nonvolatile component of the sizing
agent should preferably range from 0.5 to 20 weight percent,
and more preferably from 1 to 10 weight percent of the fiber.

Insufficient amount of the sizing agent on fiber can fail to
achieve the effect of the present invention on the impregna-
tion of reinforcement fiber with matrix resin and the bonding
between reinforcement fiber and matrix resin. Further the
insufficient amount of the sizing agent on fiber can fail to
impart sufficient cohesion to synthetic fiber strand to cause
poor handling property of the fiber strand. On the other hand,
excessive amount of the sizing agent on fiber is not preferable,
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because synthetic fiber strand can become too rigid to cause
poor handling property and can be impregnated insufficiently
with matrix resins in composite molding.

The base synthetic fibers to be applied with the sizing agent
of the present invention include inorganic fibers such as car-
bon fiber, glass fiber and ceramic fiber; and organic fibers
such as aramid fiber, polyethylene fiber, polyethylene tereph-
thalate fiber, polybutylene terephthalate fiber, polyethylene
naphthalate fiber, polyarylate fiber, polyacetal fiber, PBO
fiber, polyphenylene sulfide fiber and polyketone fiber. Of
those fibers, at least one selected from the group consisting of
carbon fiber, aramid fiber, polyethylene fiber, polyethylene
terephthalate fiber, polybutylene terephthalate fiber, polyeth-
ylene naphthalate fiber, polyarylate fiber, polyacetal fiber,
PBO fiber, polyphenylene sulfide fiber and polyketone fiberis
preferable, considering the property of resultant fiber-rein-
forced composite.

[Fiber Reinforced Composite]

The fiber-reinforced composite of the present invention
contains a thermoplastic matrix resin and the synthetic fiber
strand mentioned above as the reinforcement fiber. The syn-
thetic fiber strand applied with the sizing agent of the present
invention has good affinity to thermoplastic matrix resins and
is manufactured into fiber-reinforced composite in which the
reinforcement fiber and a matrix resin are bonded firmly.

The matrix resin mentioned here is the matrix of a fiber-
reinforced composite, and the thermoplastic matrix resin
mentioned here is a matrix resin consisting of one or at least
two thermoplastic resins. The thermoplastic matrix resin is
not specifically restricted and includes polyolefin resins,
nylon resins, polycarbonate resins, polyester resins, polyac-
etal resins, ABS resins, phenoxy resins, polymethyl meth-
acrylate resins, polyphenylene sulfide resins, polyetherimide
resins and polyether ketone resins. Of those thermoplastic
resins, polyolefin resins are preferable for their good bonding
with fibers applied with the sizing agent of the present inven-
tion. The part or whole of the thermoplastic matrix resin can
be modified for the purpose of improving the bonding
between the matrix resin and synthetic fiber strand.

The manufacturing method of the fiber-reinforced com-
posite is not specifically restricted, and various known meth-
ods including injection molding with compound containing
chopped fiber or filament pellet, pressure molding with UD
(unidirectional) sheet or fabric sheet, and molding with
wound filament.

The amount of a synthetic fiber strand contained in a fiber-
reinforced composite is not specifically restricted and can be
selected according to fiber variant, fiber form and the variant
of'thermoplastic matrix resin. The amount of a synthetic fiber
strand contained in a fiber-reinforced composite should pref-
erably range from 5 to 70 weight percent, and more preferably
from 20 to 60 weight percent of the resultant fiber-reinforced
composite.

EXAMPLES

The present invention is specifically explained with the
following examples, though the present invention is not
restricted within the scope of the examples. The percent men-
tioned in the following examples means “weight percent”
unless otherwise specified. The properties were measured in
the methods described below.

Glass Transition Temperature

The glass transition temperature of about 10 mg of a
sample was determined with a differential scanning calorim-
eter (DSC, the Jade DSC Lab system, manufactured by Perkin
Elmer Instruments) according to JIS K 7121 with elevating
temperature at the rate of 10 deg. C./min. Specifically 10x1
mg of a sample was accurately weighed and set in the differ-
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ential scanning calorimeter, and the sample was heated under
the elevating temperature up to the temperature 30 deg. C.
higher than the melting temperature of the sample previously
determined. Then the temperature of the sample was lowered
to the temperature 50 deg. C. lower than the glass transition
temperature, Tg, of the sample previously determined, and
then raised to 300 deg. C. at the rate of 10 deg. C./min. The
resultant DSC curve contained a stepwise shift where two
lines were extended from each of the upper and lower base
lines, and the glass transition point, Tg (deg. C.), of the
sample, was indicated by the intersection of the line drawn on
the equidistant points between the two extended lines and the
slope connecting the upper and lower base lines.
Endothermic Heat of Fusion

According to JIS K 7121 and JIS K 7122, the endothermic
heat of fusion (J/g) of a sample was calculated from the value
of'integral of the area surrounded by the endothermic peak on
the DSC curve of the sample obtained in the determination of
the glass transition temperature and the line drawn between
the points where the peak starts from and returns to the base
line of the DSC curve.
Bonding

The bonding between a fiber strand and a matrix resin was
measured in the microdroplet method with an evaluation
equipment for the interfacial properties of composite materi-
als, HM 410 (manufactured by Tohei Sangyo Co., Ltd.).

Carbon fiber filament was drawn out from each of the
carbon fiber strands produced in Examples and Comparative
examples, and set in the evaluation equipment for the inter-
facial properties of composite materials. J-900GP (produced
by Idemitsu Petrochemical Co., L.td.), a polypropylene resin
mixture, was melted on the equipment, and a drop of the
melted resin mixture was formed on the carbon fiber filament
in the equipment and cooled down well at room temperature
to be prepared into a sample for determining the bonding
between the carbon fiber filament and the resin. The cooled
sample was again set in the equipment and the drop was
pinched with the blades of the equipment. The carbon fiber
filament in the equipment was driven at a speed of 0.06
mm/min to determine the maximum pullout load, F, required
for pulling out the drop from the carbon fiber filament.

The interfacial shearing strength, T, was calculated by the
following expression to evaluate the bonding between the
carbon fiber filament and the polypropylene resin.

Interfacial shearing strength,t(MPa)=F/nd!

where F is the maximum pullout load, d is the diameter of the
carbon fiber filament, and 1 is the drop diameter in the pulling
direction.
Drying Efficiency of Sizing Agent

The drying efficiency of a sizing agent containing 5.0
weight percent of nonvolatile component was evaluated by
determining the amount of the volatile component (weight
percent) in 2.0 g of the sizing agent after heating at 110 deg.
C. with radiation from infrared lamps for 10 minutes in an
infrared moisture balance (FD-230, manufactured by Kett
Electric Laboratory).
Film Forming Performance of the Nonvolatile Component of
a Sizing Agent

A sizing agent was placed in an aluminum tray in an
amount containing 1.0 g of nonvolatile component, and dried
at 105 deg. C. for 3 hours. The resultant film was visually
inspected and evaluated according to the following criteria.

Film was formed: @

Brittle film was formed: O

No film was formed and brittle solid was left: A
Cohesion of Chopped Carbon Fiber

The cohesion of chopped carbon fiber was determined by
dividing the bulk density of a chopped carbon fiber after
agitation in a mixer at 400 rpm for 3 minutes by the bulk
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density of the carbon fiber before the agitation. Greater value
indicates poorer fiber cohesion. The bulk density of chopped
carbon fiber was determined in the following procedure.

Bulk density of chopped carbon fiber: In a 500-ml measur-
ing cylinder, 70 g of chopped carbon fiber was transferred.
The measuring cylinder was shaken vertically 60 times for 1
minute and the volume of the carbon fiber after the shaking
was read. The weight of the carbon fiber, 70 g, was divided by
the volume to determine the bulk density.

Production of Modified Polypropylene Resin and
Modified Polyolefin Resin

Example of Production A1l

A polypropylene resin was heated and melted in an auto-
clave with agitation. Maleic acid anhydride was added to the
resin to react the polypropylene with the maleic acid anhy-
dride in graft polymerization to produce a modified polypro-
pylene resin (1) consisting of 97.8 mole percent of propylene
and 2.2 mole percent of maleic acid anhydride, exhibiting the
endothermic heat of fusion of 58.0 J/g and the acid value of 54
KOHmg/g, and having the weight-average molecular weight
0£30,000.

Example of Production A2

A polypropylene resin was heated and melted in an auto-
clave with agitation. Maleic acid anhydride was added to the
resin to react the polypropylene with the maleic acid anhy-
dride in graft polymerization to produce a modified polypro-
pylene resin (2) consisting of 98.3 mole percent of propylene
and 1.7 mole percent of maleic acid anhydride, exhibiting the
endothermic heat of fusion of 62.8 J/g and the acid value 0 43
KOHmg/g, and having the weight-average molecular weight
0f35,000.

Example of Production A3

A polypropylene resin was heated and melted in an auto-
clave with agitation. Maleic acid anhydride was added to the
resin to react the polypropylene with the maleic acid anhy-
dride in graft polymerization to produce a modified polypro-
pylene resin (3) consisting of 97.0 mole percent of propylene
and 3.0 mole percent of maleic acid anhydride, exhibiting the
endothermic heat of fusion of 51.4 J/g and the acid value of 58
KOHmg/g, and having the weight-average molecular weight
of 28,000.

Example of Production A4

An ethylene-propylene copolymer resin (containing 5
mole percent of ethylene and 95 mole percent of propylene)
was heated and melted in an autoclave with agitation. Maleic
acid anhydride was added to the resin to react the ethylene-
propylene copolymer resin with the maleic acid anhydride in
graft polymerization to produce a modified polypropylene
resin (4) consisting of 98.0 mole percent of ethylene-propy-
lene copolymer and 2.0 mole percent of maleic acid anhy-
dride, exhibiting the endothermic heat of fusion of 67.8 J/g
and the acid value of 50 KOHmg/g, and having the weight-
average molecular weight of 31,000.

Example of Production AS

A polypropylene resin was heated and melted in an auto-
clave with agitation. Maleic acid anhydride was added to the
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resin to react the polypropylene with the maleic acid anhy-
dride in graft polymerization to produce a modified polypro-
pylene resin (5) consisting of 99.0 mole percent of propylene
and 1.0 mole percent of maleic acid anhydride, exhibiting the
endothermic heat of fusion of 82.2 J/g and the acid value of 26
KOHmg/g, and having the weight-average molecular weight
of 40,000.

Example of Production A6

An ethylene-propylene copolymer resin (containing 15
mole percent of ethylene and 85 mole percent of propylene)
was heated and melted in an autoclave with agitation. Maleic
acid anhydride was added to the resin to react the ethylene-
propylene copolymer resin with the maleic acid anhydride in
graft polymerization to produce a modified polyolefin resin
(6) consisting of 98.2 mole percent of ethylene-propylene
copolymer and 1.8 mole percent of maleic acid anhydride,
exhibiting the endothermic heat of fusion of 71.0 J/g and the
acid value of 45 KOHmg/g, and having the weight-average
molecular weight of 58,000.

Example of Production A7

An propylene-ethylene-butene-acrylic acid copolymer
(containing 68 mole percent of propylene, 8 mole percent of
ethylene, 22 mole percent of butene and 2 mole percent of
acrylic acid) was heated and melted in an autoclave with
agitation. Maleic acid anhydride was added to the resin to
react the propylene-ethylene-butene-acrylic acid copolymer
resin with the maleic acid anhydride in graft polymerization
to produce a modified polyolefin resin (7) consisting of 95.7
mole percent of propylene-ethylene-butene-acrylic acid
copolymer and 4.3 mole percent of maleic acid anhydride,
exhibiting the endothermic heat of fusion of 8.8 J/g and the
acid value of 50 KOHmg/g, and having the weight-average
molecular weight of 70,000.

Production of Aqueous Emulsions of (Neutralized)
Modified Polypropylene Resin and Modified
Polyolefin Resin

Example of Production B1

In an autoclave equipped with an agitator, 222 parts of the
modified polypropylene resin (1), 52 parts of POE (8) oleyl
ether and 26 parts of diethanolamine were charged and heated
up to 170 to 180 deg. C. with agitation under nitrogen flux.
Then 700 parts of water was gradually added with agitation
and the agitation was continued at 170 to 180 deg. C. for 2
hours to uniformly dissolve the mixture. Then the solution
was cooled down to room temperature, and the amount of the
water in the mixture was adjusted to prepare the aqueous
emulsion, PP-1, containing 30 weight percent of nonvolatile
component.

Example of Production B2

In an autoclave equipped with an agitator, 222 parts of the
modified polypropylene resin (1), 52 parts of POE (8) oleyl
ether and 26 parts of t-butyl diethanolamine were charged and
heated up to 170 to 180 deg. C. with agitation under nitrogen
flux. Then 700 parts of water was gradually added with agi-
tation and the agitation was continued at 170 to 180 deg. C. for
2 hours to uniformly dissolve the mixture. Then the solution
was cooled down to room temperature, and the amount of the
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water in the mixture was adjusted to prepare the aqueous
emulsion, PP-2, containing 30 weight percent of nonvolatile
component.

Example of Production B3

In an autoclave equipped with an agitator, 222 parts of the
modified polypropylene resin (1), 52 parts of POE (8) oleyl
ether and 26 parts of n-butyl diethanolamine were charged
and heated up to 170 to 180 deg. C. with agitation under
nitrogen flux. Then 700 parts of water was gradually added
with agitation and the agitation was continued at 170 to 180
deg. C. for 2 hours to uniformly dissolve the mixture. Then
the solution was cooled down to room temperature, and the
amount of the water in the mixture was adjusted to prepare the
aqueous emulsion, PP-3, containing 30 weight percent of
nonvolatile component.

Example of Production B4

In an autoclave equipped with an agitator, 222 parts of the
modified polypropylene resin (1), 52 parts of POE (8) oleyl
ether and 26 parts of N-methyldiethanolamine were charged
and heated up to 170 to 180 deg. C. with agitation under
nitrogen flux. Then 700 parts of water was gradually added
with agitation and the agitation was continued at 170 to 180
deg. C. for 2 hours to uniformly dissolve the mixture. Then
the solution was cooled down to room temperature, and the
amount of the water in the mixture was adjusted to prepare the
aqueous emulsion, PP-4, containing 30 weight percent of
nonvolatile component.

Example of Production BS

In an autoclave equipped with an agitator, 222 parts of the
modified polypropylene resin (1), 52 parts of POE (8) oleyl
ether and 26 parts of N-ethyldiethanolamine were charged
and heated up to 170 to 180 deg. C. with agitation under
nitrogen flux. Then 700 parts of water was gradually added
with agitation and the agitation was continued at 170 to 180
deg. C. for 2 hours to uniformly dissolve the mixture. Then
the solution was cooled down to room temperature, and the
amount of the water in the mixture was adjusted to prepare the
aqueous emulsion, PP-5, containing 30 weight percent of
nonvolatile component.

Example of Production B6

In an autoclave equipped with an agitator, 224 parts of the
modified polypropylene resin (1), 52 parts of POE (8) oleyl
ether and 24 parts of N-aminoethylethanolamine were
charged and heated up to 170 to 180 deg. C. with agitation
under nitrogen flux. Then 700 parts of water was gradually
added with agitation and the agitation was continued at 170 to
180 deg. C. for 2 hours to uniformly dissolve the mixture.
Then the solution was cooled down to room temperature, and
the amount of the water in the mixture was adjusted to prepare
the aqueous emulsion, PP-6, containing 30 weight percent of
nonvolatile component.

Example of Production B7

In an autoclave equipped with an agitator, 217 parts of the
modified polypropylene resin (1), 50 parts of POE (8) oleyl
ether and 33 parts of triethanolamine were charged and heated
up to 170 to 180 deg. C. with agitation under nitrogen flux.
Then 700 parts of water was gradually added with agitation
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and the agitation was continued at 170 to 180 deg. C. for 2
hours to uniformly dissolve the mixture. Then the solution
was cooled down to room temperature, and the amount of the
water in the mixture was adjusted to prepare the aqueous
emulsion, PP-7, containing 30 weight percent of nonvolatile
component.

Example of Production B8

In an autoclave equipped with an agitator, 208 parts of the
modified polypropylene resin (1), 49 parts of POE (8) oleyl
ether and 43 parts of lauric acid diethanolamide were charged
and heated up to 170 to 180 deg. C. with agitation under
nitrogen flux. Then 700 parts of water was gradually added
with agitation and the agitation was continued at 170 to 180
deg. C. for 2 hours to uniformly dissolve the mixture. Then
the solution was cooled down to room temperature, and the
amount of the water in the mixture was adjusted to prepare the
aqueous emulsion, PP-8, containing 30 weight percent of
nonvolatile component.

Example of Production B9

In an autoclave equipped with an agitator, 224 parts of the
modified polypropylene resin (2), 53 parts of POE (8) oleyl
ether and 23 parts of diethanolamine were charged and heated
up to 170 to 180 deg. C. with agitation under nitrogen flux.
Then 700 parts of water was gradually added with agitation
and the agitation was continued at 170 to 180 deg. C. for 2
hours to uniformly dissolve the mixture. Then the solution
was cooled down to room temperature, and the amount of the
water in the mixture was adjusted to prepare the aqueous
emulsion, PP-9, containing 30 weight percent of nonvolatile
component.

Example of Production B10

In an autoclave equipped with an agitator, 221 parts of the
modified polypropylene resin (3), 51 parts of POE (8) oleyl
ether and 28 parts of diethanolamine were charged and heated
up to 170 to 180 deg. C. with agitation under nitrogen flux.
Then 700 parts of water was gradually added with agitation
and the agitation was continued at 170 to 180 deg. C. for 2
hours to uniformly dissolve the mixture. Then the solution
was cooled down to room temperature, and the amount of the
water in the mixture was adjusted to prepare the aqueous
emulsion, PP-10, containing 30 weight percent of nonvolatile
component.

Example of Production B11

In an autoclave equipped with an agitator, 222 parts of the
modified polypropylene resin (4), 52 parts of POE (8) oleyl
ether and 26 parts of diethanolamine were charged and heated
up to 170 to 180 deg. C. with agitation under nitrogen flux.
Then 700 parts of water was gradually added with agitation
and the agitation was continued at 170 to 180 deg. C. for 2
hours to uniformly dissolve the mixture. Then the solution
was cooled down to room temperature, and the amount of the
water in the mixture was adjusted to prepare the aqueous
emulsion, PP-11, containing 30 weight percent of nonvolatile
component.

Example of Production B12

In an autoclave equipped with an agitator, 225 parts of the
modified polypropylene resin (1), 57 parts of POE (8) oleyl
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ether and 18 parts of ammonia were charged and heated up to
170 to 180 deg. C. with agitation under nitrogen flux. Then
700 parts of water was gradually added with agitation and the
agitation was continued at 170 to 180 deg. C. for 2 hours to
uniformly dissolve the mixture. Then the solution was cooled
down to room temperature, and the amount of the water in the
mixture was adjusted to prepare the aqueous emulsion,
PP-12, containing 30 weight percent of nonvolatile compo-
nent.

Example of Production B13

In an autoclave equipped with an agitator, 222 parts of the
modified polypropylene resin (1), 58 parts of POE (8) oleyl
ether and 20 parts of triethylamine were charged and heated
up to 170 to 180 deg. C. with agitation under nitrogen flux.
Then 700 parts of water was gradually added with agitation
and the agitation was continued at 170 to 180 deg. C. for 2
hours to uniformly dissolve the mixture. Then the solution
was cooled down to room temperature, and the amount of the
water in the mixture was adjusted to prepare the aqueous
emulsion, PP-13, containing 30 weight percent of nonvolatile
component.

Example of Production B14

In an autoclave equipped with an agitator, 221 parts of the
modified polypropylene resin (1), 51 parts of POE (8) oleyl
ether and 28 parts of dimethylethanolamine were charged and
heated up to 170 to 180 deg. C. with agitation under nitrogen
flux. Then 700 parts of water was gradually added with agi-
tation and the agitation was continued at 170 to 180 deg. C. for
2 hours to uniformly dissolve the mixture. Then the solution
was cooled down to room temperature, and the amount of the
water in the mixture was adjusted to prepare the aqueous
emulsion, PP-14, containing 30 weight percent of nonvolatile
component.

Example of Production B15

In an autoclave equipped with an agitator, 224 parts of the
modified polypropylene resin (1), 52 parts of POE (8) oleyl
ether and 24 parts of monoethanolamine were charged and
heated up to 170 to 180 deg. C. with agitation under nitrogen
flux. Then 700 parts of water was gradually added with agi-
tation and the agitation was continued at 170 to 180 deg. C. for
2 hours to uniformly dissolve the mixture. Then the solution
was cooled down to room temperature, and the amount of the
water in the mixture was adjusted to prepare the aqueous
emulsion, PP-15, containing 30 weight percent of nonvolatile
component.

Example of Production B16

In an autoclave equipped with an agitator, 228 parts of the
modified polypropylene resin (1), 57 parts of POE (8) oleyl
ether and 15 parts of potassium hydroxide were charged and
heated up to 170 to 180 deg. C. with agitation under nitrogen
flux. Then 700 parts of water was gradually added with agi-
tation and the agitation was continued at 170 to 180 deg. C. for
2 hours to uniformly dissolve the mixture. Then the solution
was cooled down to room temperature, and the amount of the
water in the mixture was adjusted to prepare the aqueous
emulsion, PP-16, containing 30 weight percent of nonvolatile
component.

Example of Production B17

In an autoclave equipped with an agitator, 228 parts of the
modified polypropylene resin (1), 57 parts of POE (8) oleyl
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ether and 15 parts of sodium hydroxide were charged and
heated up to 170 to 180 deg. C. with agitation under nitrogen
flux. Then 700 parts of water was gradually added with agi-
tation and the agitation was continued at 170 to 180 deg. C. for
2 hours to uniformly dissolve the mixture. Then the solution
was cooled down to room temperature, and the amount of the
water in the mixture was adjusted to prepare the aqueous
emulsion, PP-17, containing 30 weight percent of nonvolatile
component.

Example of Production B18

In an autoclave equipped with an agitator, 226 parts of the
modified polypropylene resin (5), 53 parts of POE (8) oleyl
ether and 21 parts of diethanolamine were charged and heated
up to 170 to 180 deg. C. with agitation under nitrogen flux.
Then 700 parts of water was gradually added with agitation
and the agitation was continued at 170 to 180 deg. C. for 2
hours to uniformly dissolve the mixture. Then the solution
was cooled down to room temperature, and the amount of the
water in the mixture was adjusted to prepare the aqueous
emulsion, PP-18, containing 30 weight percent of nonvolatile
component.

Example of Production B19

In an autoclave equipped with an agitator, 226 parts of the
modified polyolefin resin (6), 53 parts of POE (8) oleyl ether
and 21 parts of diethanolamine were charged and heated up to
180 to 190 deg. C. with agitation under nitrogen flux. Then
700 parts of water was gradually added with agitation and the
agitation was continued at 180 to 190 deg. C. for 2 hours to
uniformly dissolve the mixture. Then the solution was cooled
down to room temperature, and the amount of the water in the
mixture was adjusted to prepare the aqueous emulsion,
PP-19, containing 30 weight percent of nonvolatile compo-
nent.

Example of Production B20

In an autoclave equipped with an agitator, 226 parts of the
modified polyolefin resin (7), 53 parts of POE (8) oleyl ether
and 21 parts of diethanolamine were charged and heated up to
170 to 180 deg. C. with agitation under nitrogen flux. Then
700 parts of water was gradually added with agitation and the
agitation was continued at 170 to 180 deg. C. for 2 hours to
uniformly dissolve the mixture. Then the solution was cooled
down to room temperature, and the amount of the water in the
mixture was adjusted to prepare the aqueous emulsion,
PP-20, containing 30 weight percent of nonvolatile compo-
nent.

Example of Production B21

In an autoclave equipped with an agitator, 191 parts of the
modified polyolefin resin (6), 34 parts of the modified poly-
olefinresin (7), 53 parts of POE (8) oleyl ether and 22 parts of
diethanolamine were charged and heated up to 180 to 190
deg. C. with agitation under nitrogen flux. Then 700 parts of
water was gradually added with agitation and the agitation
was continued at 180 to 190 deg. C. for 2 hours to uniformly
dissolve the mixture. Then the solution was cooled down to
room temperature, and the amount of the water in the mixture
was adjusted to prepare the aqueous emulsion, PP-21, con-
taining 30 weight percent of nonvolatile component.

The boiling point, the number of hydroxyl groups and the
number of amino groups of the neutralizers employed for
producing the aqueous emulsions, PP-1 to PP-21, are shown
in Table 1.
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TABLE 1
Boiling Number of Number of

point  hydroxyl amino

Neutralizer (deg. C.)  groups groups
Amine Diethanolamine 268.8 2 1
compound t-butyldiethanolamine 270.4 2 1
n-butyldiethanolamine 265.0 2 1
N-methyldiethanolamine 247.2 2 1
N-ethyldiethanolamine 247.0 2 1
N-aminoethylethanolamine 243.7 1 2
Triethanolamine 335.0 3 1
Laurie acid diethanol amide 255.0 2 1
Ammonia -333 0 1
Triethylamine 89.7 0 1
Dimethylethanolamine 134.6 1 1
Monoethanolamine 170.0 1 1
Inorganic  Potassium hydroxide 1320 1 0
compound Sodium hydroxide 1390 1 0

Production of Aromatic Polyester Resin and
Aromatic Polyester Polyurethane Resin

Example of Production C1

In a reactor purged with nitrogen, 950 parts of dimethyl
isophthalate, 1000 parts of diethylene glycol, 0.5 parts of zinc
acetate and 0.5 parts of antimony trioxide were charged and
reacted in transesterification at 140 to 220 deg. C. for 3 hours.
Then 30 parts of 5-sodium sulfo isophthalic acid was added to
perform esterification at 220 to 260 deg. C. for 1 hour fol-
lowed with condensation polymerization at 240 t0 270 deg. C.
under reduced pressure for 2 hours. The resultant aromatic
polyester resin was analyzed with NMR and found to have
consisted of the following components.

Isophthalic acid: 49 mole percent

Diethylene glycol: 50 mole percent

5-sodium sulfo isophthalic acid: 1 mole percent

Then 200 parts of the resultant aromatic polyester resin and
100 parts of ethylene glycol monobutyl ether were charged in
an emulsification equipment and homogenized with agitation
at 150 to 170 deg. C. Then 700 parts of water was gradually
added to the mixture to prepare aqueous emulsion of the
aromatic polyester resin, PE-1, containing 20 weight percent
of nonvolatile component.

Example of Production C2

In a reactor purged with nitrogen, 498 parts of terephthalic
acid, 332 parts of isophthalic acid, 248 parts of ethylene
glycol, 106 parts of diethylene glycol, 45 parts of tetrameth-
ylene glycol and 0.2 parts of dibutyl tin oxide were charged
and reacted in esterification at 190 to 240 deg. C. for 10 hours
to produce an aromatic polyester polyol. Then 1000 parts of
the resultant aromatic polyester polyol was dehydrated at 120
deg. C. under reduced pressure and cooled downto 80 deg. C.,
and 680 parts of methylethyl ketone was added to dissolve the
aromatic polyester polyol with agitation. Then 218 parts of
isophorone diisocyanate and 67 parts of 2,2-dimethylol pro-
pionic acid as a chain extender were added to perform ure-
thanation at 70 deg. C. for 12 hours. The reaction product was
cooled down to 40 deg. C. and neutralized with 97 parts of
13.6-% aqueous ammonia, and 2950 parts of water was added
to make aqueous emulsion. The resultant aqueous emulsion
was heated up to 65 deg. C. under reduced pressure to distill
away methylethyl ketone, and the water content was adjusted
to prepare aqueous emulsion of the aromatic polyester poly-
urethane resin, PU-1, containing 30 weight percent of non-
volatile component.
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The aqueous emulsions from PP-1 to PP-21, the mixture of
the aqueous emulsions of PP-1 and PE-1 (PP-1/PE-1), and the
mixture of the aqueous emulsions of PP-1 and PU-1 (PP-1/
PU-1) were heated at 105 deg. C. to remove solvents and
made into absolute dry matters. The endothermic heats of 3
fusion of those dry matters were determined with a DSC, and
the results are shown in Table 2. The ratios givento PP-1/PE-1
and PP-1/PU-1 in Table 2 represent the weight ratio of the
nonvolatile component of those emulsions.

24
TABLE 2-continued

Endothermic heat of fusion of

Sizing agent nonvolatile component (J/g)

PP-1/PE-1 = 80:20 30.0
PP-1/PE-1 = 70:30 25.8
PP-1/PU-1 = 80:20 290.1
PP-1/PU-1 =70:30 25.1

10 Example 1
TABLE 2
PP-1 was diluted with water to be made into a size emul-
N End"ﬂllerf}?c heat of fu5101/1 of sion containing 15 weight percent of nonvolatile component.
Sizing agent nonvolatile component (J/g) Carbon fiber strand (800 tex, 12000 filament count) free of
PP-1 316 15 sizing agents was immersed in and impregnated with the
PP-2 36.4 emulsion, dried in hot air at 105 deg. C. for 15 minutes, and
PP-3 34.5 made into a carbon fiber strand applied with the sizing agent
gg"; ;g'g in the theoretical amount of 5%. The bonding of the carbon
PPt 16 fiber strand with a matrix resin was evaluated in the method
PP-7 37.0 5o mentioned above, and the results are shown in Table 3.
PP-8 39.4 .
PPo I8 Examples 2 to 15 and Comparative Examples 1 to 10
PP-10 30.2
PP-11 41.5 Carbon fiber strands applied with sizing agents were pre-
g'g gg-z pared in the same manner as that in Example 1, except that the
PP-14 iag 25 emulsions of sizing agents containing 15 weight percent non-
PP-15 539 volatile component were prepared with the components
PP-16 32.1 shown in Tables 3 to 5. The properties of the resultant carbon
PP-17 35.6 fiber strands are shown in Tables 3 to 5. The numbers in the
gjg gg'z cells in the rows of the “Nonvolatile component of sizing
PP-20 1o endothermic peaks 30 agent” in Tables 3 to 5 represent the ratio of the nonvolatile
PP-21 40.8 component of each of the emulsions PP-1 to PP-21, PE-1 and
PU-1 to the whole of nonvolatile component in a sizing agent.
TABLE 3
Examples
1 2 3 4 5 6 7 8 9 10 11
Nonvolatile PP-1 100
component of  PP-2 100
sizing agent PP-3 100
(%) PP-4 100
PP-5 100
PP-6 100
PP-7 100
PP-8 100
PP-9 100
PP-10 100
PP-11 100
Bonding (MPa) 209 198 201 199 204 176 188 161 18.1 192 158
Drying efficiency (%) 8.0 835 827 8.9 813 8.5 821 80.1 854 840 833
Film-forming O O O O O A O O O O O
Cohesion .06  1.05 107 106  1.05 .08 106 105 1.0 1.06  1.05
TABLE 4
55
Examples
12 13 14 15
Nonvolatile PP-1 80 70 80 70
60 component of PE-1 20 30
sizing agent (%)  PU-1 20 30
Bonding (MPa) 18.5 18.1 184 183
Drying efficiency (%) 81.4 94.7 89.0 89.1
Film-forming ® © ® ©
Cohesion 102 1.03 102 1.01

65
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TABLE 5
Comparative examples
1 2 3 4 5 6 7 8 9 10

Nonvolatile PP-12 100
component of  PP-13 100
sizing agent PP-14 100
(%) PP-15 100

PP-16 100

PP-17 100

PP-18 100

PP-19 100

PP-20 100

PP-21 100
Bonding (MPa) 10.8 11.2 11.8 10.7 10.0 10.3 10.5 10.9 8.6 121
Drying efficiency (%) 854 87.6 90.0 86.3 70.5 71.5 947 840 761 79.3
Film-forming A A A A O O A A ® A
Cohesion 1.08 1.07 1.09 1.09 1.05 1.05 1.08 1.08 1.02 1.09

As clearly shown in Tables 3 to 5, the sizing agents in

3. A sizing agent for a reinforcement fiber according to

. . . 20 . . i . .
Examples resulted in better bonding between sized carbon claim 2, wherein the boiling point of the amine compound
fibers and matrix resins than the sizing agents in Comparative ranges from 240 to 340 deg. C.
examples. 4. A sizing agent for a reinforcement fiber according to
claim 2, wherein the modified polypropylene resin has an acid
INDUSTRIAL APPLICABILITY 55 value ranging from 20 to 80 KOHmg/g.
5. A sizi t fi infc t fib ding t
Fiber reinforced composites manufactured by reinforcing . SIZINE Agetlt Of & FEUroreellent fiber accoraing fo
. . . . . claim 2, wherein the thermoplastic matrix resin is a polyolefin
thermoplastic matrix resins with reinforcement fibers are resin
applied to Various uses 1nc.1ud1ng automotive application, 6. A sizing agent for a reinforcement fiber according to
aerospace application, sporting and leisure goods, and gen- . . . .
. . . . 3 . 30 claim 2, wherein the sizing agent further contains water and
eral industries. Reinforcement fibers include inorganic fibers . Lo . .
. . the neutralization product is dispersed or dissolved in the
such as carbon fiber, glass fiber and ceramic fiber; and organic
. . water.
fibers such as aramid fiber, polyamide fiber and polyethylene .. . .
.. . Lo 7. A sizing agent for a reinforcement fiber according to
fiber. The sizing agent of the present invention is preferably . . - . .
. . . . . claim 1, wherein the boiling point of the amine compound
applied to reinforcement fibers which reinforce thermoplastic from 240 to 340 deg. C
matrix resins 33 ranges from to 8- .
’ 8. A sizing agent for a reinforcement fiber according to
What is claimed is: claim 1, wherein the modified polypropylene resin has an acid
1. A sizing agent for a reinforcement fiber used for rein- value ranging from 20 to 80 KOHmg/g.
forcing a thermoplastic matrix resin, the sizing agent com- 9. A sizing agent for a reinforcement fiber according to
prising 40 claim 1, the sizing agent further comprising at least one
a neutralization product of a modified polypropylene resin polymer component (A) selected from the group consisting of
that exhibits an endothermic heat of fusion not higher aromatic polyester resins and aromatic polyester polyure-
than 70 J/g in determination with a differential scanning thane resins in an amount ranging from 5 to 80 weight percent
calorimeter (DSC) and an amine compound having at to the whole amount of the nonvolatile component of the
least two hydroxyl groups or at least two amino groups 45 sizing agent.
in the molecule, 10. A sizing agent for a reinforcement fiber according to
wherein the nonvolatile component of the sizing agent claim 1, wherein the thermoplastic matrix resin is a polyolefin
exhibits an endothermic heat of fusion not higher than 50 resin.
J/g in determination with a differential scanning calo- 11. A sizing agent for a reinforcement fiber according to
rimeter (DSC), and 50 claim 1, wherein the sizing agent further contains water and
the amine compound is a chemical compound represented the neutralization product is dispersed or dissolved in the
by the following chemical formula (1) and/or chemical water.
formula (2): 12. A sizing agent for a reinforcement fiber according to
RIN(CH.CH.OH . claim 1, wherein the modified polypropylene resin is a
(CH,CH;OH), W s copolymer substantially containing propylene and an unsat-
where R! is a hydrogen atom, —CH,CH,OH or C,-C, urated carboxylic acid, and the sum of the propylene and
aliphatic hydrocarbon group; unsaturated carboxylic acid in 100 mole percent of the total
, monomers to be copolymerized is at least 98 mole percent.
NH, R NH(CH,CH,0H) @ 13. A sizing agent for a reinforcement fiber used for rein-
where R? is a C,-C, aliphatic hydrocarbon group. 60 forcing a thermoplastic matrix resin, the sizing agent com-
2. A sizing agent for a reinforcement fiber according to prising
claim 1, being formulated by blending the modified polypro- a neutralization product of a modified polypropylene resin
pylene resin in an amount ranging from 10 to 90 weight and an amine compound having at least two hydroxyl
percent to the whole amount of the nonvolatile component of groups or at least two amino groups in the molecule, and
the sizing agent and the amine compound in an amount rang- 65  at least one polymer component (A) selected from the

ing from 1 to 20 weight percent to the whole amount of the
nonvolatile component of the sizing agent.

group consisting of aromatic polyester resins and aro-
matic polyester polyurethane resins in an amount rang-
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ing from 5 to 80 weight percent to the whole amount of
the nonvolatile component of the sizing agent,

wherein the nonvolatile component of the sizing agent

exhibits an endothermic heat of fusion not higher than 50
J/g in determination with a differential scanning calo-
rimeter (DSC).

14. A synthetic fiber strand manufactured by applying a
sizing agent for reinforcement fibers according to claim 1 to
a base synthetic fiber strand.

15. A synthetic fiber strand according to claim 14, being
manufactured of at least one base synthetic fiber selected
from the group consisting of carbon fiber, aramid fiber, poly-
ethylene fiber, polyethylene terephthalate fiber, polybutylene
terephthalate fiber, polyethylene naphthalate fiber, polyary-
late fiber, polyacetal fiber, PBO fiber, polyphenylene sulfide
fiber and polyketone fiber.

16. A fiber-reinforced composite comprising a thermoplas-
tic matrix resin and the synthetic fiber strand according to
claim 14.

17. A fiber-reinforced composite comprising a thermoplas-
tic matrix resin and the synthetic fiber strand according to
claim 15.
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